The relationship between the prevalence of chronic diseases and income level has now become a main theme in poor national economic situations. We examined the prevalence of well-controlled chronic diseases according to income level. Data from the 2008 to 2014 Korea National Health and Nutrition Examination Survey, conducted by using a stratified, multistage, probability-cluster sampling method, were used. Systolic blood pressure (SBP) inversely correlated with income level (P < 0.001). Diastolic blood pressure (DBP) showed no relationship. In the low-income group, the prevalence rates of hypertension and diabetes mellitus (DM) were highest but the proportion of patients with well-controlled chronic disease and the SBPs of the patients with hypertension showed a decreasing trend. In the high-income group, the proportions of patients with well-controlled DM and chronic kidney disease were higher than those in other groups. After adjusting for age, body mass index, SBP, DBP, HbA1c level, and serum creatinine level, income level significantly affected the prevalence of chronic diseases (for income, b=0.184; 95% confidence interval, 1.105-1.042). The daily sodium intake estimated by using spot urine samples was higher in the low-and low-to-mid-income groups. The prevalence of not using essential medical service for chronic disease was highest in the low-and low-to-mid-income groups for economic reasons. In the low-and low-to-mid-income groups, the prevalence of chronic disease was higher and the proportion of patients with well-controlled chronic disease was lower than in the other groups.
Introduction
Owing to the increase in the aging population, the prevalence of chronic diseases is also increasing. In particular, according to the 2014 Senior Survey Report published by the Korean Ministry of Health and Welfare about 90% of the elderly population had a chronic disease, 56.7% had hypertension, and 22.6% had diabetes mellitus (DM).
[1] Despite the increasing prevalence of hypertension, the percentages of undiagnosed patients were 20% among all the patients with hypertension and 15% among those with DM in South Korea. Thus, chronic diseases have been poorly managed.
[2] Especially hypertension and DM are important risk factors of cardiovascular and cerebrovascular diseases, but people usually would not know the importance of management owing to the fact that only few symptoms could affect the management of chronic diseases. Currently, the point of view that the socioeconomic aspect should be investigated as the factor that could affect the management of chronic diseases is becoming more popular. Previous studies analyzed the relationship between socioeconomic levels and hypertension, and showed that socioeconomic levels could be an important risk factor for the development of hypertension in lower-income populations. [3, 4] In cases where access to medical services was affected by economic factors, cardiovascular mortality could be high. [5] Dietary habits that could trigger hypertension were associated with income level. [6] Many reports have investigated whether socioeconomic level influences the incidence of chronic disease. However, only one study investigated the management of chronic diseases according to income level, but the study was not conducted in the general population but in patients with type 1 DM. [7] In addition, for the management of chronic diseases, lowsodium diets should be imposed, as elevated sodium intake increases blood pressure, [8] blood glucose level, [9] and proteinuria in patients with chronic kidney disease (CKD). [10] Therefore, high salt intake could hinder the management of chronic diseases. Many previous research studies confirmed that dietary habits are affected by economic status. [11] Thus, we investigated the prevalence and management of chronic diseases, and salt intake according to income level.
Materials and methods

Study design and settings
This study analyzed data from the 2008 to 2014 Korea National Health and Nutrition Examination Survey (KNHANES) in South Korea. A stratified, multistage, probability-cluster sampling method was used. The detailed design of the KNHANES is described in a previously published study. [12] The survey was conducted by the Korean Ministry of Health and Welfare. It was composed of 3 sections, namely, a health survey, health consultations, and a nutrition survey. The health questionnaire was used to survey income levels and cases of hypertension and diabetes. Health consultations were used to survey blood pressure (BP), weight, waist circumference, body mass index (BMI), and levels of HbA1c, total cholesterol, serum creatinine, urinary protein, urinary sodium, and urinary creatinine. The survey data included information regarding the use of the necessary health care service, job type, and educational level. Blood pressure, body weight, height, and levels of urinary sodium, total cholesterol, HbA1c, and urinary creatinine were measured.
We divided the participants into 4 groups according to monthly average income in the household equivalence scale (¼ household income= ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi number of household members p ) (low-, low-to-mid, mid-to-high, and high-income groups). The income threshold groups were determined based on the quartiles of monthly average income in the household equivalence scale. Sodium intake was calculated by using the Tanaka equation. [13] First, we estimated the salt intake per day by using spot urine samples. Second, sodium intake was measured by using the 24-hour recall method.
Definitions used in study
High BP was defined as taking antihypertensive medication or a systolic blood pressure (SBP) of ≥140 mm Hg or a diastolic blood pressure (DBP) of ≥90 mm Hg. DM was defined as a fasting plasma glucose level of ≥126 mg/dL or taking antidiabetic medication. CKD was defined as an estimated glomerular filtration rate (eGFR) of <60 mL/(min·1.73 m 2 ), according to the definition in the Modification of Diet in Renal Disease (MDRD) study. eGFR was calculated by using the 4-variable MDRD formula as follows: eGFR (mL/min·1.73 m 2 ) = 175 Â serum creatinine level (mg/dL) À1.154 Â age À0.203 Â 0.742 (if female). [14] The definition of the metabolic syndrome was based on the diagnosis category [15] for the presence of ≥3 of the following: abdominal obesity of >90 cm in men or >80 cm in women; triglyceride level of ≥150 mg/dL or taking medication; highdensity lipoprotein cholesterol level of <40 mg/dL in men or <50 mg/dL in women, or taking medication; SBP ≥ 130 mm Hg and/or DBP ≥ 85 mm Hg or taking medication; fasting plasma glucose level of ≥100 mg/dL or taking medication. Thresholds for abdominal obesity were defined based on the Asian population. [16] In the patients with hypertension, well-controlled BP was defined as BP controlled to <140/90 mm Hg according to the Joint National Committee (JNC) 8th Directive. In the patients with DM, controlled blood glucose level was defined as an HbA1c level of <7%. Well-controlled CKD was defined as negative proteinuria in a dip-stick test. Adequate sodium intake was defined as <2000 mg/d according to the recommendation of the World Health Organization (WHO).
Educational level was expressed as a number as follows: 1: completed up to elementary school graduation, 2: completed middle school, 3: completed high school, and 4: college level or higher.
A total of 45,303 survey respondents were investigated, and those who did not report spot urine sodium level and economic status were excluded from the study. At result, 30,107 persons were included in the study.
The KNHANES was approved by the institutional review board of the Korea Centers for Disease Control and Prevention (KCDC), and all the participants provided written informed consent. The study protocol conformed to the ethics guidelines of the 1975 Declaration of Helsinki and was approved by the institutional review board of the KCDC (No. 2013-12EXP-03-5C).
Statistical analysis
For continuous variables, to determine the subjects' characteristics, a descriptive analysis was performed. Categorical variables were analyzed by using the x 2 test to determine the correlation between the different variables. We divided the subjects into 4 groups according to income level to allow comparisons of the variables. To determine differences in characteristics between the groups, we used the analysis of variance. In the regression analysis of the incidence of chronic diseases, we adjusted for confounding factors, including age, BMI, SBP, DBP, HbA1c level, and serum creatinine level. Significance was defined when the P value was <0.05. R version 3.1.1. (R Foundation for Statistical Computing, Vienna, Austria) was used for the statistical analysis.
Results
Participant characteristics
The mean age of all the participants was 45.6 ± 19.5 years. The male to female ratio was 46.2:53.8. The ratio of the educational levels (1:2:3:4) was 32.0:13.5:29.7:24.7. Age showed significant differences among the income groups. SBP inversely correlated with income level (P < 0.001), but DBP did not. Smoking rate was highest in the low-income group. The prevalence of metabolic syndrome was highest in the low-to-mid-income group. The prevalence rates of hypertension and diabetes were highest in the low-to-mid-income group. In the low-and low-to-mid income groups, HbA1c level was higher than in the other groups. The prevalence of CKD showed no significant differences among the 4 groups. The high-income group showed lower estimated sodium intake by Tanaka's formula than the other 3 groups (Table 1) .
Chronic disease management status according to income level
In the low-income group, the proportion of patients with wellcontrolled chronic diseases and BPs among those with hypertension were low. The proportion of patients with well-controlled diabetes among those with DM showed no significant differences among the income groups (Table 2 ). In the low-income group, the proportion of patients with well-controlled CKD was lower than in the other groups.
Use of essential medical services according to income level
Essential medical services were used less frequently by those with low and low-to-mid income levels, usually for economic reasons. Kim 
The subjects in the low-and mid-to-low-income groups could not use the necessary medical services because of economic reasons, inconvenient transportation, and lack of time to meet with physician (Table 3) .
Prevalence factors of chronic diseases
The logistic regression analysis for the prevalence of chronic disease was performed after adjustment for age, BMI, SBP, DBP, HbA1c level, and serum creatinine level. Income level signifi- Table 1 Baseline characteristics (n = 48,832,940; weighted).
Variables Low (n = 7332) Low-to-mid (n = 7589) Mid-to-high (n = 7562) High (n = 7624) P Continuous values are expressed as mean (SD) (upper part) or number (%) (lower part). DBP = diastolic blood pressure, eGFR = estimated glomerular filtration rate, MDRD = Modification of Diet in Renal Disease study, SBP = systolic blood pressure.
Table 2
The prevalence of maintaining adequate blood pressure in hypertension, glucose level in diabetes mellitus, and proteinuria in chronic kidney disease (n = 48,832,940; weighted). Values are expressed as number (%). CKD = chronic kidney disease, DM = diabetes mellitus, HTN = hypertension.
Low
Table 3
The prevalence of not using the necessary medical services and its causes: survey results (n = 48,832,940; weighted).
Low (n = 7332) Low-to-mid (n = 7589) Mid-to-high (n = 7562) High (n = 7624) P 
Discussion
An increasing trend was observed in the prevalence of chronic diseases such as hypertension and DM in the low-income group. The low social class groups (lower educational and income levels) showed higher prevalence of chronic diseases and lower awareness of ill-health status. [17] One study reported about the prevalence of chronic disease depending on educational and income levels, and showed that the prevalence of chronic diseases was increased in the patients with low educational and income levels. [18] In addition, awareness of damaged health was better and prevalence of chronic diseases was higher in the high-income groups, who were earning >1.5 million won, than in the lowincome group, who were earning <0.5 million won. [17] The effects of the differences in educational and income levels on health status were reported to be due to differences in health care, purchasing power, and access to health-care services. [18, 19] In this study, the prevalence of chronic diseases such as hypertension and DM was higher in the low-income groups, except for CKD. Owing to the definition of CKD in this study, its prevalence did not significantly differ among the groups. The prevalence of metabolic syndrome, which affected the occurrence of cardiovascular diseases, was high in the low-income group. These results were the same as those obtained in previous studies that reported that the degree of difference observed between educational levels was in accordance with the income level. We can conclude that the lower-income group showed lower educational levels.
For the low-income group, we thought that the management of chronic diseases was not good, but no previous research has been conducted on the management of chronic diseases according to income level. In this study, the proportion of patients with wellcontrolled chronic diseases such as hypertension, DM, and CKD based on the presence of proteinuria was determined and was found to be higher in the high-income group. In case of DM, no significant difference in the proportion of patients with wellcontrolled DM was observed among the groups. However, the mean HbA1c level was higher in the low-and low-to-mid-income groups. Regardless of the national insurance services in South Korea, medical expenses are relatively too high for low-income earners to afford. Medical expenses include the cost of transportation to go to the hospital, the cost of drugs, the cost laboratory tests, and the consultation fee. According to Statistics Korea, the lower the income, the greater the increase in the medical expenses. Hence, the low-income group could not use the essential health services because of financial problems.
Perhaps for this reason, the low-income group showed poor control of their chronic illnesses. Accessibility of the health system was rather difficult for low-income earners, which may be due to the difference in the level of care they expect to receive. Thus, in future study, we would like to examine differences in the extent of use of medical systems in accordance with income level.
In South Korea, the government has been providing basic pension to old-aged people since 2014. For people aged >65 years with <70% income grade, the government provides 250,000 won. The characteristics of this pension were akin to the basis of the distribution. In 2015, the government found through an investigation that the lower the income, the greater the priority of using the pension for medical purposes. Therefore, the basic income was guaranteed in the lower-income group. With this, the management of chronic diseases in the lower-income group may improve.
The common belief is that educating the low-income group about dietary practices such as low-sodium intake is difficult. Thus, this group is easily thought to have higher sodium intakes than the high-income group. However, this study showed that the higher-income group had higher sodium and energy intakes than the low-income group. The number of meals consumed per day did not significantly differ but eating out was more frequent in the high-income group. Perhaps, the high frequency of eating out caused the higher sodium intake. The higher-income group showed high energy and sodium intakes, but the estimated daily sodium intake measured in spot urine samples was higher in the low-and low-to-mid income groups. The difference in sodium intake among the groups might be due to the difference in measurement method used. However, it is important to note that none of the groups met the 2000-mg/d recommendation of the WHO. In a future study, 24-hour urine collection will be needed for this reason. We thought that when people are diagnosed with chronic disease, they would reduce their sodium intake. However, most of the subjects in this study had high salt intakes irrespective of income level.
This study has some limitations. First, this was a crosssectional study; hence, recall bias was a strong confounder. As chronic diseases could negatively affect people's economic status, which between the 2 is the cause or effect is unclear. Second, without the use of 24-hour urine collection, the single urine sodium test and the method for estimating salt intake could be erroneous. Third, we could not use the official definition of CKD because only a single blood test was performed. Thus, the prevalence of CKD might have been shown to be lower than the actual prevalence. Fourth, we used the term prevalence but a gap Table 4 Results of the logistic regression analysis of the prevalence of chronic diseases (hypertension, diabetes mellitus, and chronic kidney disease). Population size = 48,832,940, number of primary sampling units = 884, number of observations = 30,107. BMI = body mass index, CI = confidence interval, DBP = diastolic blood pressure, SBP = systolic blood pressure, SE = standard error.
Variables
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could exist between the prevalence reported in this study and that in the real world. Fifth, because of the relatively long duration of the survey, the analyzed economic status could differ from the actual status.
Conclusion
In the low-and low-to-mid-income groups, the prevalence of chronic diseases was higher and the proportion of patients with well-controlled chronic diseases was lower than in the other groups.
